SIDE-EMITTING ROD FOR USE WITH AN LED-BASED LIGHT ENGINE 

f ! ' 

BACKGROUND OF THE INVENTION 
The invention relates to the distribution of light 
generated by one or more LEDs through a rod. More particularly, 
the invention relates to a white light emitting rod including 
paint distributed in such a way as to both control the angular 
distribution of light leaving the rod, and to ensure uniform 
light distribution along the length of the rod. 

Recent side emitting rods, such as in U.S. Patent No. 
4,733,332, issued to Agency of Industrial Science and Technology 
and Daikin Industries, Ltd. and herein incorporated by 
reference, have used optical facets or fine powder down one side 
of the rod. These facets or powders serve to outcouple light 
from the rod in a direction opposite to the facets, and with a 
relatively narrow angular distribution. These rods are 
potentially expensive to make, and do not perform well for white 
light generated by mixing of multicolored LEDs, for example, - 
red, green, and blue (RGB) LEDs. 

A flexible rod material is used as an alternative 
outcoupling approach. This approach uses a narrow white strip 
embedded in a plastic material'. Although this Lambertian 
scatter enhances the color of mixing of RGB white light, a 
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uniform white stripe leads to a significant reduction in light 
intensity from one end of the rod to the other. 

It would be desirable to uniformly distribute high quality 
LED-generated white light along the length of a rod, with a 
controllable angular distribution of light outside the rod. 
Additionally, it would be desirable that the efficiency with 
which light in the rod is coupled into the desired distribution 
is high (preferably at least 70%). It would also be desirable 
to produce these rods cost effectively. 

SUMMARY OF THE INVENTION 
According to the invention, a side-emitting illumination 
device for uniformly distributing light is composed of a light 
source, a light-transmitting rod which permits total internal 
reflection, and outcoupling material affixed to an outer surface 
of the rod. The light source, composed of one or more LEDs, 
passes light through the rod. As light is reflected off the 
inner surfaces of the rod, it impinges the outcoupling material 
which controls the angular distribution of light leaving the 
rod. This configuration ensures uniform light distribution 
along the length of the rod. 

In various embodiments of the invention, the rod can be a 
flexible rod or a rigid rod. The rod can be shaped like an 
ellipse, a square, or have a combination of straight and curved 
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edges in cross-section. The combination of straight and curved 
edges can vary in configuration along the length of the rod. 

In other embodiments, the outcoupling material is white 
paint or fine white dots with varying packing density, 
distributed in such a way as to control the angular distribution 
of light leaving the rod. The white paint or fine white dots 
are distributed in such a way as to ensure uniform light 
distribution along the length of the rod. 

In another embodiment the side-emitting illumination device 
includes a mirror at an end of the rod away from the light 
source to reflect light which reaches the end of the rod, 
increasing the outcoupling efficiency of the system. 

The invention provides several advantages. The side- 
emitting illumination device allows for" high quality white light 
distribution along the length of a rod, with a controllable 
angular distribution of light outside the rod. Additionally, 
the efficiency with which light in the rod is coupled into the 
desired distribution is high. Further, the heat generated by 
the light source is separate from the rod, and LED white light 
generated from red green and blue LEDs allows for changing color 
temperatures and adding dynamic color effects. Also, the size 
of the light engine system is smaller than currently required 
sources. Finally, the side-emitting illumination device can be 

produced cost effectively. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 side-emitting illumination device according to the 

inventions- 
Figure 2A is a graph showing the angular distribution of 

light determined by the width of the paint stripe of 25"^; 

Figure 2B is a graph showing the angular distribution of 
light determined by the width of the paint stripe of 45°; 




DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1, side-emitting illumination device 12 
incorporates a RGB LED light source 5 which generates white 
light that enters rod 6 at one end. The white light travels 
through the rod 6 by total internal reflection (TIR) . Rod 6 has 
a stripe of white paint 7 along its length. Light which hits 
the white paint is scattered and may no longer meet the TIR 
condition, which exists in the rod 6, and a portion of the light 
exits the side of rod 6. 

In Fig. 1 a mirror 8 is placed at the end of rod 6 opposite 

the LED light source 5. This allows light that reaches the end 

of the rod 6 to be reflected and pass back down the length of 
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the rod 6, increasing the outcoupling efficiency of the system. 
The outcoupling efficiency does depend, in part, on the input 
angular light distribution. Light traveling at a high angle to 
the optical axis of the rod is outcoupled more rapidly than 
light that is nearly parallel to the optical axis of the rod 6. 
The angular distribution of input light should be optimized for 
the system. Generally, it is better to "have a distribution with 
low flux along the optical axis of the rod. This can be 
controlled by the arrangement of LEDs and optics inside the LED 
light engine used as a source 5 for the rod 6. 

The angular distribution of light (in the direction around 
the rod) is determined by the width of the paint stripe. Two 
examples of the distribution are shown in Figs. 2A and 2B. 
Referring to Fig. 2A, the paint width is 25° (paint width is 
henceforth quoted as an angular width) . Referring to Fig. 2B, 
the paint width is 45"^. Broader output distribution results from 
increased angular width of the paint. 

The calculations of angular width for Figs. 2A and 2B ar.e 

based on a round cross section rod. It is also possible to use 

other cross-sections. In particular, the cross-sections may be 

elliptical, square, or more generally, any combination of 

straight and curved edges, possibly varying in configuration 

along the length of the rod. These generalizations allow 

further control of the output angular distribution, permitting 
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an ^inexpensive customization of distinct illumination products. 
It is also possible to vary the width of the paint stripe along 
the rod to gain still more control of the output angular 
distribution . 

In many applications it is desirable to have the outcoupled 
light intensity uniform along the rod. This can be achieved by 
correctly varying the effective paint density along the rod 5. 
The paint density needs to be lower close to the light source 
than far away from the light source. This is easily achieved by 
replacing the solid stripe of paint with a series of stripes 
perpendicular to the length of rod 6, and varying the spacing 
between these small stripes and/or the width of these stripes 
(in the direction along the rod) . Alternatively, the paint ^ 
stripe^c,an_^nclude fjLne wh^te dots wj^h^v^ryi^ packing density. 

A potential application for the above-mentioned embodiments 
includes replacing lamps found in commercial supermarket 
freezers. The LED system provides a number of advantages 
recited above. 

The preceding expressions and examples are exemplary and 
are not intended to limit the scope of the claims which follow. 
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